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Present  'State  am  the  Predicted  Development  Direction  of 


Oirite1  Pinna1  Transmission  rystens 
by 

rdw  ro  Juszkiewicz  and  'arian  Raraniecxi 

In  the  1 rst  feu  years  we  fiav>  oLserved  growing  interest  in  oigital 
systems,  ^specially  fCK.  This  is  caused  mainly  Dy  tnt  pussiuility  cf 
multiple  utilicatiLn  at  c.ity  caulc-s,  low  cost  of  multiplexing  and  direct 
swituniny  ut  PO  signals  in  telephone  switching  centers.  *apid  o velop- 
ment  of  systems  causeu  a situation  in  ehich  there  exists  the  whole 

family  cf  systems  wi th  differing  parameters,  such  as  multiplicity,  linear 
throughput  am:  others,  ftewer  F Cv  systpirs  with  hither  and  hi  her  muiti- 
litity  are  developed  ana  u'1'  constitute  the  newt  steps  in  dev^l  opm.ent 
hierarchy  of  PO'  syctems.  Dertein  proposals  exist  which  recomimend  the 
crtpfitn  rf  f CM  systems  hierarchy  in  re1  tion  to  the  analog  systens,  so 
f * at  On  fCu’fl  uM  i i re  PCM  for  * i ansm i ssi on  of  FDH  groups. 

i'f  i 1 1 matim.  n»u  Cv  systt-s  one  did  nrt  forget  the  LCdf  i.:  a Li  on  with 
Unto  • ransmi ssi un  and  telegraphy.  (Mumoer  of  channels  was  reserved  far 
these  d,,^l  lodLiLns , anu  in  Ltie  specific  case  — after  a certain  adaptation — 
the  hLr  Jd/3<r  system  was  adapted  for  data  transmission  only. 

for  inte/gi  disc,  digital  network  the  development  of 

i 

HUh  systems  in  coor ui nati on  with  deta  ti ansm i ssl on  , telegraphy  and  other 
systems , is  very  urgent.  According  tn  this  concept,  the  signals  originating 
from  the  above  mentioned  sources,  would  bp  switched  in  the  electronic 
switching  center,  with  a certain  fixed  rate.  Tt  is  essential,  that  the 
dinltat  sianais  formed  bv  digital  multiplexing  of  PCX 
qroups  or  tt e direct  coding  of  certwin  number  cf  telephone  or  other  uioe 
band  sinns’s  ( videophone,  rsclio,  television,  PD*  groups),  bt  Jdentlcal. 

This  uoijtd  i'cw<  switching  of  sdova  signals  ano  transmission  over  the 

_ 

^ . — 
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single  A±s^„15nk. 

Ths  main  problem  1- , that  cifferent  countries  acopted  and  developed 
different  PCN  systems,  differing  in  throughput,  frame  structure  ana 
signal iny  frame,  organization  of  trie  entire  system,  parameters  of  trt,, 

lin*«$  etc.  The  important  factor  is  also  the  choice  of  aigital  multi- 
plexing method:  Lit  division  or  time  division. 

It  was  accepted  that  the  mandatory  method  in  interfacing  of  different 
systems  with  the  electronic  switching  center,  in  context  of  integrated 
networx,  wi 1 1 be  the  bit  word  division  method,  or  , 

time  s'ice  division.  In  USA,  Fngtanci  and  Capan  the  ECf  ?A  systems  were 
bui’t  with  t.hrnuqhput  cf  1 .5At*  Vhjts/S(  white  in  Prance,  blest  fermany, 
Tta’y  t.hp  rrr  3E/3?  systems  exist,  wii  t.ti  t.hrduct  put  of  2.0L6  Kbits/s,  and 

and 

differinn  fr^mp  structure,  synchronization  s J r.nal  i zation  methou.  Similar 

A 

situation  exists  in  IT  leve1  systems.  I ISO  and  Canada  adopted  a system, 
with  throughput  of  6.312  Mbits/s.  England,  Belgium  - trie  6.336  Mbits/s 

system,  anu  tne  socialist  ccunlries,  France,  Italy,  jest  uermany  and 

(+Wey 

rtollanu  selected  trie  u.AAt:  Moits/s  system  ,^oevtl  epeo  it  cr  are  presently 
developing  it^ 

E0lcno  adapted  the  u.ALto  Mfcita/s  throughput,  and  on  the  basis  will 
develop  tne  integrated  digital  network  concept.  In  first  stagp,  it  is 

4| 

expected  that  the  introduction  of  different  information  sirnats  to  the 
network  wi 1 1 br-  asynchronous.  In  the  future  the  integrated  network  will 
be  synchronous. 


Present  Btat.e  rf  Digital  Tetetransm-ission  Systems 
Putse-croc  modulation  system  PCM  311/32. 

Accord! ny  to  CCITT  ano  Permanent  Commission  on  Paolo  Bna  Electronic 
Industries  of  Conme.cow  reccmmendoticns , the  presently  recognized  oaslc 


pulse-codeo  (t.CulJ  ation  system  is  PCM  3u/32.  This  system  is  capable  of 


wording  in  ncn-Pupin  anc  nonsy*metric  voice-grade  or  radio  lines,  or  could 

a. 

Le  us bu  as^basis  for  further  multiplexing.  PO  30/32  is  expected  tr 
uiorx  with  digital  electronic  switching  centers.  The  CLITT  recommendations 
are  finpiizrd  fcr/PCM  1 20  system,  into  which  are  multiplexed  fcur  30 
charne’s  grnuns,  originated  from/PCM  30/32  system.  The  CCM  3C/3 2 system 
gives  the  most  econcmioa1  deve 1 opment.  possibilities  for  local  and  regional 
networks.  it  can  he  used  in  very  wine  range  for  data  transmission,  aue 
to  its  principle  and  time  structure. 

The  PC’1  30/3?  system  is  intendea  for  service  in  city  ana  regional 

cu 

networks  for  oistances  frcmAfew  to  few  tuns  of  kilometers.  The  system 

can  be  installed  on  ualanceu  line  cables, with  channels  insulation  of 

paper-air,  styrof ] ex-air  or  plastic  type,  anc  copper  conductors  with  0.5 

to  1.4  mm  uia.,  or  equivalent  diameter  aluminum  conductors.  The  linear 

transmission  channel  is  realized  on  two  Oelancea  pairs,  separate  for 

each  aireoticn  of  tr&nsmis  ion,  using  re/peaters  distributed  along 

e 

the  line  in  cable  w|flls  or  other  assigned  locations.  Tn  the  case  of  radio 

li’nU- 

transmission,  the  — — cable is  replaced  by  a radio  'inJS. 

Transmission  cr  the  radio  iinf(  takes  place  on  two  channe’s  and  in  each 
rv.nnei  the  signals  arp  transmitted  on  different  carrier  freauencies. 
Bewteen  two  terminals  cf  linear  channels,  25  repeaters  m2y  be  inserteo 

«i 

without  the  nerd  cf  jitter  damper. 


The  PCM  30/32  system  provides  the  possibility  of  half  or  fu’l  duplex 
connection  with  mt  switching  center,  that  is,  it  assures  the  transmission 
of  rtquireu  criterion  ano  alarm  signals  necessary  for  interaction  with 
the  exchange.  The  parameters  of  PCM  30/32  system  are: 

- telephone  cnannels  - 30  •r 

- time  slices  in  frame  - 32 


— 


-u~ 


frames  in  mul  ii frame  - lfc 


sampling  frequency  in  channel  - ft  kHz  _+  0.**  Hz 


peak  to  peak  Quantization  levels  - 756 


bits  in  channel's  time  si  ice  - 6 


signalling  chanrpicj  fPr  PePt-  te’prhrne  channel  - 7 
normal  time  duration  for  signal  i^nn  franie  - 7 msPC 


nrmin.?i  binary  t.hrouot'i  ut  of  Mntar  siinal  - P.Ctc  Mpits/s 


13  segnents,  in  which  the  neighboring  segments  have  slopes  in 


impedance  buLil-  symmetric 


used,  uitn  HOBq  code  ai.ci  pu’st  amplituce  of  3V  -e  1G%  ano  ?tt  nsec  duration 


The  chai acter isti cs  of  the  oepencence  between  thp  si cnal -tc -auanti zati cn 


dRmC  to  -55dRm0  should  not  deviate  more  than  t.5  dP  from  the 


range  from 


Triter'a  t r f’ame  phasing  less  and  recovpry  are  as  follows.  The 


framp  "has  1 n 0 insc;  is  detect, pd  if  the  errors  are  found  in  three  consecutive 


frame  phasing  patterns.  The  f 1 ame  phasing  should  be  considered  recovered 


presence  at  the  correct  frame  pnasing  pattern  (zero  frame), 
lac*,  of  the  frame  phasing  pattern  in  the  following  frame  (first 


f rame; 


presence  of  the  correct  frame  pnaeing  pattern  in  the  following 


frame  (second  frame) 


Trie  frame  stiucture  is  as  fellows: 


- secuenct  number  of  tine  si  lets  5CC  , CC1 , SC?,  ....  5C?1 ; 

- seauerce  number  of  telephone  chsnne’s  •'Ti  , KT2,  . . . KT’5,  |/T17> 

KTl*  , . . . KT  31  ; 

- seauence  number  of  frames  in  the  signaling  frame  RP , R1 , . . R15; 

- frame  rhag'nci  pattern  5s  iccateo  in  frames  RG , R2 , RA , . . . Rib 
and  has  the  form  XDGliri; 

- subpattern  is  located  in  frames  R]  , R3,  R5,  . . . R 3 5 ana  has  the 
form  XlXXXXxX,  where  X is  an  arbitrary  Lit; 

- the  j^no]  i «£  nt,  channels  are  lecatec  in  every  SC16  slice  cf  R1 
tnrcbyn  ft  ] b frames; 

- signalizing  channels  intenctd  for  telephone  channels: 


hi  in  R! 
K2  in  R? 


B1  through  BE 
B1  threugh  BL 


K 15  in  R 15  PI  through  R U 


K 17  in  B1 
* 16  in  P2 


P5  through  Pfc 
R5  through  PR 


K 31  in  R 15  R5  through  Rt, 

The  existinq  rCW  3C/32  systems  in  the  wer’d  enable  the  transmission 

of  data,  telegraphy  and  radio  programs  in  time  slices  normally  occupiEu 

by  telephone.  The  empty  spaces  in  a frame,  uhile  utilizing  full  30 

telephone  channels,  nay  be  used  only  for  slow  telegraphy  ano  aata  trans- 

u 

miseion,  that  is,  3o  - 5uu  bazu  channels.  Each  telephone  channel  used 
fur  data  transmissiun  allows  the  b<*  Kbits/s  data  transmission  rate. 


A synchronous  system  of  secondary  digits’  multiplexing  with  b.UUb  Vbits/s 
throughput  with  positive  fining. 

Presently,  the  agreement  was  reached,  in  both  forms  CCTTT  ana  Comeccn, 
about  the  rerjui  rements  for  the  secondary  digital  multiplexing  system  with 
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b.44b  wbits/sec  throughput  e nd  with  positive  filling.  This  5s  an 
asynchronous  system,  and  a1 1 owe  thp  mul  tipi  exinq  cf  four  bit.  streams 
crlnlnatinq  independently  in  four  f Cv  3D/3?  systems,  and  creating  tie 
possibility  cf  hpy'nn  l PC  tetephnne  channels.  This  systen  , which  will 
be  Cr^’ed  PI"?'  1 20  In  the  remainder  cf  thic  chapter,  ras  a frame  structure 
snoi  'n  In  ‘rab1e  1.  It  is  expected  to  wcrk  in  non-  symmetric  lines, 

wnere  the  analog  systens  are  jjvorkingJ  present  I y . In  sene  countries, 
special  symmetric.  exults  art-  manufactured  for  Digital  transmiissicn 
with  uMLits/seL  throughput,  or  mici occaxial  cables  for  oi.jita1  transrr  i ssi  on , 
which  also  Lan  be  useu  for  digital  transmission  with  high  ciO;r  multi- 
plexing. The  oistance  Oetween  repeaters  for  PO  120  system  is  abcut 

. ti 

4 km.  In  order  tc  extract  from/ bl^bi  ts/sec  digita1  stream,  the  bits 

primary  / 

corresponding  t.r  eech/s-fcr earn  (FO>  30/3?)  and  to  eMminate  fining  bits,  the 
addition?1  tits  are  added  tc  the  B*-'bits/sec  stream,  which  form  the  frame 
and  fining  centre1  signal.  The  fining  contro1  signal  consists  of 
three  bits  distributed  in  the  second,  third  and  fourth  subgroup.  The 
presence  of  fining  is  detected  after  the  receipt  of  111  signal,  ana  its 
lack, after  receipt  of  ooo  signal,  with  a majority  of  bits  deciding. 

Bits  frirr  the  primary  PCM  30/32  streams  are  interleaved.  the  system 


is  synchronize.-  wim  a o44oUGG  Hz  clock  with  _+  3G  xlu  tolerance.  The 
primaiy  streams  aie  receive.-  with  the  2G4oG0G  Hz  throughput  with  ^50  x 1U 
tdltronct.  Tne  loss  of  frame  phasing  is  detecteo,  when  t.ne  errors  ere 
founo  in  four  consecutive  frame  phasing  patterns.  The  frame  phasing 
recovery  should  be  confirmed,  if  the  correct  frame  phasing  pattern  is 
detected  in  three  consecutive  frames.  The  15th  bit  is  reserv  d for 
signs1**!  i in  3 nt ernet  1 pna1  exchange.  In  domestic  exchange^  if  it  is 
not  used,  has  a constant  zero  va'ue.  The  1 1 1 h bit  is  used  to  transmit 
between  termin?1  stations,  information  on  other  terminal  malfunction^ 
Presently,  mam  firms,  mainly  ruropean,  msnuf  acture-  or  are  about  to 


-6 


I 1 
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manufacture  the  FCV  i ?C  syster  devices.  The  system  with  positive  filling 

s' 

doesn't  a’low  a^teinate  synchronous  ano  asynchronous  work  , sc  rrrst 

C on  viwct^ci 

’lkeH',  woririwioe  research  will  be^in  the  direction  of  developing  the 
un'versa1  system  with  positive-negative  fil’ing,  allowing  both  . , synchronous 

ano  asynchronous  operation.  The  proposal  for  sucn  a system  was  madE  cy 
the  Soviet  Aomin is ti ati un , which  proposed  a system  with  positive- 
rieaative  filling  an..  two-commanc  control. 


Development  Direction  cf  Higher  Order  P[>  Systems 
The  III  and  TV  Order  Systems 

The  only  existing  CCTTT  recommendations  are  for  T order  system  with 
?.04cJ  Hbits/sec  throughput,  and  TT  order  systen  with  k.ULti  t'bits/s 
throughput.  Howpver,  in  ccw  ruropean  ( sne  not  on'y  Furop-an)  countries, 
without  waiting  frr  the  official  recnmmendatl on  of  the  International 
organization,  thp  systems  of  very  hjqh  multiplexing  and  throughput  were 
deve1 oreo . 

Using  the  previous  hierarchy  of  rCH  systens  as  a model,  some 
logically  assumed,  that  the  ncxt  development  step  should  be  the  system 
mul tiplexin3  s stconuary  systems,  ano  with  tne  cj.44c  Kbits/sec  throughput, 
lney  accepteu  the  tiananissicn  througoput  equal  to  34.3bc,  Vbits/sec. 

Among  others,  the  Italian  Administration  supportea  this  systtn  ano  at  the 
beginning  of  1574,  sent  to  CCITT  a proper  document,  proposing  the  higher 
order  hierarcy  cf  PCV  systems,  basing  it  on  the  TI  order  system  as  the 
starting  cne. 

c 

Some  other  countries,  however,  among  rthers  rranc«,  are  sceptical  *ooWT 
t^lt  Vbitp/pec  svstem  proposal  and  doub't  about,  the  very  concept  of  thie 
svstem.  ’bev,  emsider  as  proper  to  pass  directly  fron  secondary  o.44n 
'•'bits/sec  sy  tem  to  139.264  vpitg/sec  system,  with  elimination  of  all 
othei  possibilities.  France  okxvel*f<«^  * l*9  uuin  system  with 
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throu  hput  of  32  'bits/sec  fa  x c.5  N'Hz,  but-  exclusively  Foi  domestic  use, 

;t  V\a4  ftv\ 

similar  ly  ^5  all  tduy  exiuti  ng  <zL  * oi  is/seL  system  . ^ein  systu  s l,di'k  cn 
trie  i cuic  lines. 

hs  trie  x esu  1 1 ef  u controversy,  CC1  H appeal  eo  to  the  administration 
of  ail  countries  belonging  to  this  organization,  that  they  taxe  a stand 

uVvctVfr  34.36o  ^bits/sec  system  shou1c  be  developed,  or  if  it 

°ne  5kow»l  ft* 

should  be  abandoned  anc  fro  go  directly  from ^8.646  ^'bi  ts/sec  system  to  the 

+W« 

TV  order  13*3. ?fa^  •'■'bits/sec  system’.  As  far  ae'TVth  order  systen  is  cnn- 
cprnpd,  thp  majority  of  Admi  ni  st.rat  i rns  endorsed  its  usefulness  and 
necessity  nf  cpvp' oca ent  in  TCP  systens  Meiarcy. 

desi 

The  Italian  Admi  ni  strati  on  proposed  also  its  own  pr.  potra-1  of  this 
system,  which  is  presented  at  the  end  of  this  chapter.  The  linear  signal 
is  transrittcd  on  coaxial  lines  wi  th  the  dimensions  o.65  x 2.c  mm; 
repeaters  are  placeu  ev ary  2 km, 

The  franie  structure  of  III  oroer  system  is  sticun  in  laole  ?,  ano 
uf  the  lu  orLer  system  in  TaOle  3. 

11  order  system  with  o.AAo  l^bits/sec  throughput,  and  pusitive- 
negative  filling  ana  tec-command  control. 

There  is  no  appropriate  CCITT  recommendations  for  this  systen. 
Therefore,  the  Soviet  proposal  is  presented  in  four  paragraphs: 

- secondary  ornup  with  B.AAft  t'hits/sec  consists  nf  4 primary  groups 
with  2.P4  6 ^'bits/sec.  throughput;  in  multiplexing  bit  inter- 
leaving wan  used  and  positive-negative  filling; 

- service  hits  in  digital  stream  are  formed  in  b bit  groups,  which 
separate  the  consecutive  frames;  al thougl  such  service  oit  grouping 
causes  tne  increase  of  requiiea  memory  capacity,  it  cunsideraDly 
improves  the  time  fran.e  phasing  recovery,  each  frame  cf  multi- 

pi  exeo  oignal  contains  64  information  bits  from  each  primary  system, 
so  it  consists  of  256  information  bits  and  fa  service  bits; 


- maxiiiiui,  Deviation  cf  ncninal  c.uUo  Pbits/sec  througpt-ut  is?  200  hits 
per  million; 

- mu1  tipi  exi  nq  Device  nust  cont.ein  cne  or  several  1 cu -f  reouency  binary 
channels;  each  euch  rhpnne1  is  used  for  service  ccnrrunicatirn  and 
for  line  and  terminal  device  control. 

The  masn  advantace  of  asmchrcnrvs  syst.er  u/it.h  positive-negative 

Opnrk'j'i'o  v 

friijnq  iq  the  orssih’nty  rf  svnchrcnn's  - in  contrast  tc  the 
secondary  multiplexing  system  with  positive  filling,  where  certain 
initial  frequency  oi fferenc-  f*  - fs  is  required  between  channel  through- 
put anu  input  si^na]  thrcugnput.  Too  existence  of  this  difference  maxes 
it  possible  for  use  in  synchronous  . 

Presently  used  system  for  control  ana  steering  cf  fi’ling  process, 
is  quite  ccn.pl  icatea , whicn  ccntriOutes  to  higher  costianc  msnuf  acti.  r ing 
difficulties,  anu  sc  the  Soviet.  side  proposed  the  use  of  positive-negative 
filling  uith  twc-comnand  control.  This  improvement  will  net  change  the 
general  characteristics  of  positive-negative  filling,  assures  the  easy 
change  from  asynchronous  tc  synchronous  mod*  and  greatly  simplifies  the 
genpr  =>t i on  of  commands  and  receivinci  systems. 

The  main  disadvantage  nf  "classical " positive-negative  method  is  the 
necessity  cf  i ransnr'  ggj  cn  cf  three  command  tyces,  whicn  greatly  complicates 
the  receiver  and  transmitter  steering. 

The  increase  or  uecrease  of  throughout  Oy  a single  time  interval, 
wfircn  is  usually  equal  tu  tne  tinie  slice,  is  accompanied  Dy  a transmission 
of  one  or  two  communes,  cal  1 eu  active.  Tht  third  command,  which  corresponds 
to  no  chanaa  in  information  throughput,  is  neutral.  The  following  pro- 
gression of  reverse  commands  is  com.parable  for  the  transmission  of  neutral 
commands,  not  influencing  the  change  in  information  thrr uqhout . It  is 
possible,  therefore,  tc  pair  the  reverse  active  connancs  in  oroer  to 
neutralize  them.  npCRuge  cf  that,  one  was  able  to  odtain  the  control  of 


-](■■- 


posi  t ive-neoat  1 ve  filling  eith  t.u  c ccmmande.  The  princir’e  cf  sheering 
with  two  crnmancs  i =■  shown  ir  fig.  1 • 

Pddittana1  f 1 uctua+ 1 ms  nf  output  sirra1,  observe^;  in  this  case, 
occur  l i tr  a prr--uFnrv  ecu-1  hr  f i pnuor  cv  of  crmmanc  repetition.  This 
!s  suffirnn-  H ’argp  f rpouency  and  nay  br  easily  damp'-c  with  a filter 
extractin  t,*-,e  inform  t ion  fron  input  signal.  In  this  case,  similar 
t*  tVe  classical  three  command  filling  central  , the  jitter  value, 
Liigihating  from  the  wailing  time,  is  c1  Lse  u.  zexc,  en_  the  low-frequency 
am,  1 * wu^t  fluctuations  lx  seta.  Ly  an  initial  f*  - f «.  3 1 ferenceyis  equal 

tu  the  time  s 1 i l e width.  It  is  itcummenceu  that  the  value  cf  the  iatic 
fu/  (f_  -fs)  max  tc  ] arge ( where  fc  is  the  conmanq  Frequency.  The  jitter 
amplitude  is: 

^ ^ 3 i/k  fa) max  1 

/.  s'. 

pecause  cf  thp  fact  that,  fa  is  se1ected  to  be  ’□  to  20  tines  larger 
than  the  maximum  a1 ’owed  difference  ffk  -fs',  the  phase  fluctuation 
amplitude  c anno t be  reoucsd  niore  t.nan  cy  20  tc  25’.  cf  the  time  slice 
uiutr  , 

h* 

in  using  thu  two-currmana  steering  of  posi  Lve-negati  ve  fill  ' > t,  process, 
by  ic.pc.lbin,,  tne  neutral  commands  oy  pairs  cf  reveiae  active  comm  nos,  the 
jittex  is  cunsiLc.ruLly  ieouLeo,  unich  is  the  advantage  of  "pure"  positive 
filliny,  uu  i at  the  samit  tir.t /pi  =ser  ve^  . ell  the  advantages  cf  positive- 

negative  filling  and  especially  its  main  advantage  - the  possibility  of 

.opf'rwtTo* 

synchrorous  'with  the  primary  groups. 

Synchronous  TT  Order  System 

Thp  principle  cf  thi«  system  is  the  synchronous  multiplexing  of  four 

0 JV 

3f  ch  -nnt1  irimarv  uroirs,  with  2.rfc-fc  *'bits/sec  throughput,  into  one 


seccndery  roup.  Thp  character  5 s* ' rs  of  this  sy=ttm  it  the  single  source 
timinn  of  sir.nclary  : rcuD  * hrounbput . T»-p  rising  sir,na1s  for  the  2.QAe 
f'b' ts/ser  [rl-rp’v  ornurs  are  t a«  en  rrc.t’  tr-.is  timing  source. 

t _ thrtm^  nt  of  t*~e  secondary  rr  up  in  th  s syst.  n is 
f = UU(j  Kpjts/r.ec  ano  is  related  tc  tr  throughput  cf  primary  groups 
by  a f lTii  ul  d ! 

fz  = A f J ( 1-r;  Kdits/sfcC 
u.riurc  r = 1 / z'c  is  mo  st-Ponuai  y ^rou^  Lvtisize. 

inc  synchronous  system  front  consists  of  5? o Pits  civi cea  int:  two 
subgroups  uith  cfcA  Pits  tach.  At  tfie  beginning  of  eact  sutcroup  there 
are  a bits,  which  ere  usee  to  tran=nit  t r. e-  frame  phasing  pattern,  data 

iV  the 

a n> system  anr  signaMkj  anp  n’sr  synchronization  of  si  .npiing  frame, 

ftepring  from  e sinolF  timinn  source  takes  fare  as  fo’tous: 

tV\frf 

in  rru1 1 i pt  exi  nq  ctgticn  A^exists  a main  timin'  signal  source,  'ISC  - 
a rryst a1 -rrn'*'’'r1  1 ed  osci'i1atcr  wi  fh  frpnui-ncy  of  b.AAB  ^Hz.  The 
serc-'dary  nrnu.  si-na1  isyent  from,  ste.tion  A tri  station  R with  o.AAfc  fdits/sec 
throughput.  There,  the.  timing  signal  for  the  receiving  ano  tT  i-nsmit  tiny 
section  is  txtenucO.  In  the  rob'  iviny,  section  of  station  A,  the  timing 
signal  is  exLonutu  rron.  oils  that  arrive  f ren  station  B transmitter,  and 
ai  trio  san.t  lin.t  the  intLinoLicn  from  tiit  fo^r  prim. ary  groups  are  extracted 
ana  ic.au  by  the  timing  signal.  The  system  consists  cf  teo  multiplexing 
stations  ano  a link  with  repeaters  every  A km. 

The  receiving  station  ccnsi-ts  of  four  ? Mbits/sec  receiving  sections, 

* 

each  containing  reoenerator  ano  fixed  size  memory  system.  The  necessity  of 
using  thp  buffer  memory  is  reused  by  signal  phase  fluctuations  ( so 
ca^ed  Jit*pr'.  The  chase,  shifts  arc  caused  by  transit  tine  changes,  which 
are  c-used  bv  cafe  temperature  changes.  These  are  the.  seasonal  changes 
for  uncJf  rernona  cablis  ano  daily  changes  for  overhead  cafes.  To  calculate 


the  size  of  inis  memory , ft-  typical  lint  was  consiu.r  u,  cui  1 1 from 
iniurL  coaxial  cables  with  cim&nsions  o.bt  x k.r.  mm,  an;..  having  connections 
jtu  mi  t or  a (.1 1 i ii  ai  y yJOup,  anc  luu  hn:  fci  a secondary  giwup. 

Assuming  that  the  temperature  coefficient  of  electric  permeab i 1 i ty 
is  b x 11)  u / °C  ano  the  av, raye  transit  time  through  the  transmission 
medium  is  b u sec/km,  one  c?n  calculate  the  maximum'  change  In  signal 
transit,  time  through  the  tine,  usinn  the  forniu1a: 


pvfry 


AS  - 3 10-*  L - AT  [u»] 


where:  A €>  - change  in  transit,  time;  L - line  length  in  r rr ; - temperature 

Chan  e )n  °C. 

wi  tri  tnt.  v/t-i-cj-jt  uaily  ternp^i  ature  change  equ  1 A T = 1C°C, 

A©  = ->.b  i/.sec.  r,nLwina  then,  that  the  length  of  a single  Oil  in  the 

primar  y aroup  is  (j. cub  usee,  one  can  calculate  the  m, emery  size,  which 

' a, 

must  be  usee:  j.b  : b.Aab  * b bits.  Itith  smaller  memory,  the  shifts  of 
frame  phase  (slips)  will  occur  too  often,  As  one  can  see,  the  tine 
length  in  the  synchronous  system  is  limited  by  a change  of  primary  croup 
digital  signal  transit  time.  An  aaditicnai  difficulty  is  the  rigidity 
and  limited  application  in  networks,  fcsenuse  of  limited  ’ine  length. 

the  ?'  rvp  di  sadv/antaqes  may  be  countered  ty  a number  of  advantages 
of  synchronous  mui  1 1 pi  ox ! ni’ , such  as:  good  penromy  , simplicity  of  operation, 
ano  possibility  of  creatine,  so  callec  "synchronous  zones"  in  definec 
areas  of  telephone  network.  Interface  between  such  "zones"  coulo  work 
asynchronous  1 y . wn  example  of  synchronous  system'  line  is  shown  in  fig.  k. 

Stuuies  on  Optimal  frame  Structure 
In  many  parts  of  the  uorld  studies  are  teino  rr.eoe  on  a frame 

structure  union  could  be  universal  for  a’ ’ acplications  of  integral 
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network?  Due  to  the  cevel Gpment  of  solid  state  technology  and  pcssibiMty 
of  manufacturing  the  integrated  logic  systems  with  higher  ana  hiaher 
speeds,  one  is  able  tc:  use  for  thp  information  exchange  in  integrated 
network  sppfOs  higher  than  ?.0  Lb  ^Dits/sec,  that  is  Mblr.s/seo. 

drr  1 ”1  s tret  i ons  npt  forth  t.heir  ni.n  ftopnsais  for  the  Marne 
structure  for  different  applications  in  the  network.  The.  ItaMan 
f'dir< -»is  trat  i pn  proposed  three  v/t.  rsi ; ns  of  f r -me  structure  for  different 
appl 1 cations : 

1;  for  uigital  cowmunicati  on  between  two  uiyitci  elect:  onic 

t. xenbn  jbS  i 

2)  fur  digital  communication  between  digital  electronic  exchange 
ano  FCM  multiplexing  centers  of  II  order, 

3)  for  digital  cun  muni cati on  between  digital  electronic  ana 
synchronous  multiplexing  centtrs  of  IT  order. 

Th»  hiack  diagram  of  the  nettork  wWitU  contains  all  three  above 
mentioned  possibilities,  is  shown  in  fjg.  3.  According  to  the  Italian 
fldmi  ni  s t.rat  1 on , third  case  is  least  useful  of  three  mentjnn.d. 

nrpspnt’u,  such  synchronous  mu1  ti  r l exi  ■ g renters,  art  not  taken  into 
aortunt.  The  throughput  of  Digital  connections  should  be  S.Atb  Mbits/sec, 
which  corresponds  to  132  time  slices.  The  center's  clocks  operatf  at 
the  fieciuenoy  uf  a. 192  Mu  (A  x 2.U4u  Mbits/sec)  ana  tnus  the  switching 
system  iiiay  use  at  must  12c  time  slices..  This  is  why  the  aouitional 
ueviue  is  iequireu  piuuuoing  four  aouitional  time  slices  in  aaaition 
tu  12b. 

The  Italian  Aomini str ati on  is  of  the  opinion,  that  the  additional 

time  sMces  should  be  distributed  uniformly  in  a frame.  This  solution 

•» 

ceusp*  small  jitter  at  the  clock  conversion  from  btUfc  -----  f 1 92  and 
reouires  sma’i  buffer  memnry.  T<->  a’l  anticipated  BpplicBtirns  two  or 
four  additions!  time  sMces  ere  used  for  frame  phasing  ano  service,  and  tv. 


remaining  tmo  s’tres  for  ot.hFr  use$. 

e 

The  frame  phasing  pattern  shou1.;  compl^t^y  occupy  the  iercth 
time  s’ice.  The  proposed  pattern  has  the  form  1Q1110GG.  The  first 
five  Pits  of  the  time  slice  no.  6b  shculc  contain  the  complement  of  the 
phasing  ptttein  (that  is,  GlGujl),  an^  the  remaining  too  ol  ts  of  tfcth 
time  slice  shoulo  be  used  to  provide  service  information  (that  is, 
frame  pnasiny  loss  oi  lac*  of  pulses  entering,  the  link  and  terminals). 
Taking  into  account,  the  remaining  12_  bits,  the  fo’looinc  structure  is 
proposed : 

’)  between  dicita1  electronic  exchanges  - 1 27  time  ^l’ces  for 

telephone  or  si  = i >p1  n.  ■ channels  6b  1/'bits/sec  and  one  time 



s 1 1 c s nr.  1 reserved  fox  domestic  use; 

?'  between  digital  electronic  exchange  and  rC^  devices  - 12u  time 
sMcp=  frr  telephony,  b slices  for  slrnaiing  and  b service  time 
s1 3 ces . 

In  tne  structure  1 the  time  slice  reserv^o  for  ocmitstic  use  is 

ass i aneL  fur  the  internal  service  in  cigital  electronic  exchange?  In 

it 

the  structure  a the  leu  transmission  efficiency  is  justified,  that^the 
bb  kbits/seo  signalling  channels  are  the  same  as  used  in  2.Qbo  t'bits/sec 
systtm.  This  comes  atcut  from  lesser  complexity  in  digital  electronic 
exchange.  The  structure  2 can  be  usee  also  in  the  case,  where  b free  time 
slices  are  usfC  fer  the  transmission  cf  frane  phesinn  signals  in  primary, 
nr  cup . The  frame  struc  + ure,  which  is  the  si.tjrct  of  Italian  administration 
prrposat  , i = shown  in  Fiq.  b. 

The'  Dutch  administration  alsr  presented  its  own  propiosal  concerning 
the  f -ame  structure  for  the  same  three  cases,  which  were  the  subject  of 
Italian  administration  studies,  and  Dutch  administration  is  cf  the  opinion 
that  the  thirci  of  the  cunsiotred  cases  will  have  the  greatest  use  in  the 
inlegiateu  networ*. 

The  general  char ecteriatios  of  the  system  proposed  by  the  Dutch 
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«u;i  ini  bti  diiLn  : nt_fl  ina)  thtLugnput  of  c.  .ObuVLi  Is/beC  , f rcn  u.hich  the 
1 -><•  t i (lie  blidcb  Lf  lfcD(U  ^fcC.  (lUbb  Uit-Sj  alt  Uelived;  allowed  CCileldnce  of 
uii  thruuyh,  ut  Uepie.nub  m ty,je  of  u,_pl  iLdicn ; thf  tine  s'ict  i ntr  r l , avi  ng 
ib  UbtU  (not  Li  lb)  . 

It  the  common  signaling  channel  is  ussd  fc.r  communication 
between  digital  p’ectronic  exchange,  i*  is  neeps'-ary  tu  assign 
separate  time  sMcfi  for  si -nel  i zeti  on . hse  tf  cl  i n i 1 1=»  ■»  electrcnic  exchange 
fd y rpquirp  the  choice  of  certain  proper  tine  pt’ces  fer  Epaech  and 
erwrren  siqns1!*!  channel.  Tt  is  assumed,  that  in  the  case  of  using 
f.  .LLfivt  l ts/ser  t*-rourhrut,  the  time  sMr.s  above  i?e  ( that  is,  slices  □, 

1,  ft£  anq  c7)  wi 1 1 be  extracted  fro m the  bit  stream  of  t.AOU  Mtsits/sec 

throughput  before  switching,  thus  it  follows,  that  the  exchange  cloc* 

cu 

should  have  frqucnuy  c.lbH  HHz. 

ladle  U sfious  the  channel  assignment  with  respect  tc  application  in 
the  uesLiiLcL  puss i L i 1 i l i e s , dHL  the  Table  b shows  the  time  slice  ais- 
tributionA these  same  possibilities.  Taole  6 gives  the  structure  of 
siynaling  frame.  The  signaling  frame  consists  of  16  frames,  which  f r 1 1 cws 
from  5C0  Hz  signal  in:  speed  C with  maximum  signal  dist/l^tirn  of  7 msec) 
and  their  capacity  of  l bits  par  channel . The  frane  structure  is  shown 
on  Fig. ft.  Dutch  Administration  proposes,  that  thp  frame  : hase  loss 
siqna’ina  istp  r’ace  enty  after  inrorrect  receipt  of  feur  consecutive 
frame  rh  sin  patterns,  and  the  decision  on  Frame  phasing  recovery  follow 
the  errrert  receipt  of  three  ccnsecutive  frame  ihaslng  patterns.  It  is 
considered  necessary  and  ecLncm  ibal  1 y justifiea,  tnat  in  adciticn  to  an 
internal,  main  timing  generator  every  station  have  an  input  for  tne 
external  timing  signal  connection.  The  Italian  ana  Dutch 

numinibti alien  proposals  aie  very  sinilai  ano  after  proper  consultations 
with  other  Aomlnl strati  one , the  compromised  frpme  stru'ture  based  upon 
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It.aMan  and  dutch  proposals,  may  hr  afprcvRd  hy  TCTTT  fcr  development 
in  a1 i count  r 1 es . 

interface  r f Tiqita1  dystems  Ant  5 c i patsrj  for  the  Integrated 
lltti.arx  iilith  the  r.ystens  present1y  in  Use 


Transmission  of  frequency  multiplexed  channel  groups  (FOK)  through 
thi.  orbital  lines  is  c.n  uneconomic  means  of  telephone  channel  trans- 
mission. Fox  example,  Lht  transmission  of  12-channel  primary  FQP  group 
requires  lin*  uf  2.LAc  Puits/sec  thioughput,  wkicU 

a 

the  ability  of  3D  channel  transmission  in  PCP  3D/32  system.  or'Aer-to  us- 

He 

the  same  link  es  in  PCP  30/*?  system,  the  tr- nsn  i ssi  rn  rf  primary  FOP 
group  mP  i r>  quire  the  norma’  primary  orour  enuipm=nt  anci  the  specie’ 


ana’ oq-tc-di ri  t,s’  cnnvrrtpr.  As  rnp  can  qpp,  this  sc.Hiticn  is  more 

-h* 

pxppne  i wp  than  tm  f CP  3P/3?  sv/=tem.  Jn  digital  network,  however,  situations 

may  a**st,  where  FD’  grout  transm.i  ssi  rn  i$j  digital  form  can  pe 

■fUfne 

pconnml ca’ 1 y justified.  An  example  rf  this.^can  be  the  situation,  when 
the  CcOl  - morn-iily  used  for  analog  transn  i ssion  is  used  for  digital 

transmission.  Due  to  the  in  ter  t erences , which  oioss  from.  the  distal 

x 

J 

sysUms  to  analog  systems, the  FQP  t,roup  should  oe  transform  to  digital 
rn 

form.  Transforming  tr.e  FOI'-  groups  to  acoustic  channels  level,  and  then 

* 

multiplexing  them  in  PCP  technique,  is  less  economical  solution  than  the 

1*e 

transmission  of  entire  group  in  digital  form. 

X**  the  selection  of  sarrr’ing  frequency,  one  has  tr  pay  attention 
FDP  group  banc  ’oration.  If  the  ratio  of  ’initlng  frpauencies  does 
not.  exceed  ?,  then  the  sampling  frequency  ran  be  only  litt.le  higher  than 
the  upner  hand  frequency.  At  the  same  time  the  condition  must  be 


salisfieu,  ttiat  in  the  sampling  process,  the  sloe  bands  uf  PAP  signal 

■ft* 

do  net  overlap.  As  an  example,  tne  sampling  frequency  of  FOP  primary 


MW* 


yrou,.  in  iV»  tu  - Iju  kHz  can  it  within  lub  -12u  KHz  limits. 

^ * 

Tht  biyiid  i.iancl  throughput  is  affected  Loth  by  sampling  fieouency 
anu  number  of  Lite  in  tne  code.  word,  thFri  fere  uhi  'e  choosing  the 

"Hie 

sampling  frtnusnry,  cne  has  tc  taut-  Jc'o  account  threughput  of  PCM 
link,  through  uhlrh.  thr  PC*  sirnRlg  u.j  1 1 be  tr  rnsfr  i t tFd  . 

TV.  Hpv/Icp  for  codlnc:  an  g darrdinn  the  primary  P*lv  qrours  (In  ebbrevi  3 1. 1 cn 

codec  r f>*  -FD'vi?''  rrpy  1 nOepnnrlt  n * 1 y interface  with  • P*1  3Ci/3?  system  linx, 

*Kf 

or  ui3  th^PCV  'ink  fhrcugh  a digits’  mu1 1 1 1 1 ex i nr,  device.  Codec  PCM-FDM12 
ernt  ins  double-ended  gn^lcg  Input  anu  output,  nunber  cf  CoA<  elements 
u - 1?,  tlnuar  ceding  type  and  double-ended  digital  input,  and  output. 

device  fur  ccuiny  arid  decoding  seconuaiy  FQM  groups  (Ccotc  PCM  - FJMtLl) 

wkitk  (»{ 

is  intenued  fur  LOuin,.  anL  decoding  bG-cnannel  secondary  yrou^s  frequency 

<K 

niul  Lipl  dAaU . Ihu  most  eLononical  solution  uf  Codec  ► C*  - FbFtD  is  translation 


of  312  - bb2  kHz  band  tc 


?h  . 25i 


2b 2 kHz  bano.  In  this  case  tne  sampling 


frequency  must  bo  at  least  twice  as  ’arue  as  the  hi  ,hest  band  frequency; 
that  is,  larger  than  50^  kHz.  In  practice  it  lg  written  510  - 530  kHz. 

tkr 

Such  sampling  frpqupncy  allows  tc:  obtain  on  the  Ccdec  cu'out  f.ltt  MdJ  ts/sec 
throughput,  nr  three  parapet  digital  simats  with  2.00b  ^bits/sec  through- 

*K  t 

put.  Thp  erder  with  3 x 2.0l»b  mhj  ts/sec  outputs  has  advantage,  that 

it  4, 

aftpr  adding  onp  more  primary  PCM  30/3?  group,  r n directly  interface  to  TK* 
digital  multiplexing  device.  Tn  addition,  thig  sclution  allows  the 
tran  mission  of  SC-channEi  secondary  group  through  low  frequency  cables, 
which  in  normal  si tuatiuns are  net  suitable  for  tne  frequency  systems. 

CoubC  PCM  - FJMou  nas  duublc-enued  analug  input  anu  output  ciyital  3x2- 
end  in^uL  and  output,  linear  cooing,  number  of  code  elementa»10  - 11. 

Use  of  FOM  group  ouciny  ario  decoding  devices  will  be  the  transitional 
solution  while  intrcoucing  the  integrated  network.  Vhen  the  comoletely 
inteurated  network  exists,  and  the  analog  systems  will  not  be  used, 

***A.  the  described  devlc  s will  net.  be  necessary. 
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).  CCITX  — O TM  Caract*rtstlques  daa  aqulpeman’s  M multi- 
plaxage  MIC  primalras  fancttonnant  6 MM  kMt/a. 

1 CCITT  — G 742  Equipemcnt  de  multiplexaje  numtrique  du 

second  ordre  (onctlonnant  X 1446  kbil/s  a vac  Justification  po- 

sitive. 

J CCITT  — G 743  Equlpement  de  multiplcxage  numtrique  du 

•econd  ordre  foncttnnnant  X »44»  kbit/s  avec  Justification  po- 

sttive/negativc. 

* CCITT  — a 731  Equipements  de  multlplexsge  numtfrique  fonc- 
tionnnnt  su  debit  binalre  du  troisieme  ordre  de  34361  kbit/s 
ct  au  debit  binalre  du  quatriime  ordre  de  UK64  kbii/s  et 
utillsant  la  Justification  positive. 
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Tat’e  1.  ri  ,n>  Structure  in  1 20  System 


buLjiuu^  of  Lits  Bit  number 

iVufliLtl 


I 

Frame  fheeiny  signal  ( 1 1 1U1  OGuLl ) 

1 - 

10 

First  fret:  bit  (for  acmtstic  use) 

11 

Second  frep  tit  ( foi  i ntt  mati  cnai 

U5P  ) 

12 

Tnf ormati r n tits 

13  - 

■ 2 12 

TT 

Filling  control  bits  for: 

rhannpl  T 

3 

Channel  TT 

2 

Channel  IfT 

3 

Channel  TV 

4 

Inf or nut  ion  Lits 
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